e demonstratethe feasibilityof quantifyingthe abundance f 2 in plasma by nuclear magnetic resonance (NMR) pectroscopy.
After adding internal standard (tert-butyl-d9 icohol) to deproteinizedplasma samples containing2H20, e determined the ratio of NMR peak areas for 2H20 and rt-butyl-d9 alcohol. This peak-area ratio was directly proortionalto the exogenous2H enrichmentof plasma (differnce between measured and naturally occumng 2H) beveen 0 and 0.272 atom % (r = 0.999). The coefficientof arlation was 1.34% at an exogenous enrichmentof 0.136 tom %. We applied this method to a study of the dilution inetics of 2H20 to determinethe optimaltime and methodof lood sampling for estimation of total body water content.
2 enrichmentof plasma stabilizedby 4 h after intraveous injectionof 2H20, 1 g/kg of body weight, and fluctuated ithin 2-4% of the 4-to 8-h mean thereafter.
Of the three markers used to estimate the volume of total ody water-2H20, H2180, and antipyrine-2H20 is the most widely accepted. Until recently, however, measurement of 2H20 was cumbersome, with most methods requirmg either purification of water from body fluids by distilition or sublimation, or conversion of water into hydrogen! euterium gas before analysis. These purification methods re laborious and require relatively large samples of body luids. Recently, Rebouche et al.
(1) have successfully pplied nuclear magnetic resonance (NMR) spectroscopy to uantification of 2H abundance in urine and saliva, but tiey reported that this method was not suitable for serum r whole blood. The aim of our report is to demonstrate the asibility of using NMR spectroscopy for determining 2H bundance in plasma. proteinized with trichloroacetic acid (0.2 mL/mL of plasma). To 250 mg of deproteinized plasma, we added 25 L of tert-butyl.d9 alcohol as internal standard. After mixing, the solution was inserted into micro-probe NMR cells. Because of the limited sample size (250 L) and the availability of only a multinuclear 10-mm probe on our GN 300 spectrometer, we investigated 2H NMR by using distilled water samples and different NMR sample tubes and measuring the signal-to-noise ratio for the 2H NMR signal. We found the mo-probe cells to be the most cost efficient and practical for the 250-zL sample size and to be easier to use in sample preparation than the coaxial cells. To prepare standards of 2H20 in plasma, we added known amounts of 2H20 (0-1.5 mmol) to 10 g of deproteunized human plasma, then inserted duplicate 250-mg amounts of each standard into NMR cells. The resulting enrichments in exogenous 2H, defined as the difference between measured 2H abundance and naturally occurring 2H (0.016 atom %), ranged from 0 to 0.272 atom %. All measurements were to the nearest 0.1 mg.
We recorded high-resolution 2H20 NMR spectra at 22#{176}C, operating the spectrometer in the Fourier transform mode at 300 MHz for 'H NMR and at 46.06 MHz for 2H NMR. The multinuclear 10-mm probe was used for all NMR measurements.
211 NMR samples were run unlocked (with the 2H lock unit turned ofi). Immediately before observation of each 2H sample, we adjusted the magnetic field homogeneity by shimming on the 'H water signal with the decoupler coil. All of the samples for NMR analysis were filled to approximately the same height (50 ± 2 mm). Quadrature-phase detection was used with a spectral width of 300 Hz over 2048 points with a delay of 0.5 sand a pulse width of 15 s (70 #{176}C) for 128 scans. The scans were repeated every 3.9 s; thus, the total measuring time was 8.3 mm. The data were corrected for baseline and weighted exponentially (Lorenzian broadening = 1.5 Hz) before Fourier transformation.
Peak areas were calculated with the GEM V.0 integration software (General Electric, Fremont, CA). Abundance of 2H was determined from the ratio of the 2H20 peak area to the tert-butyl-d9 alcohol 2H peak area. The relation between the peak-area ratio and 2H enrichment was calculated by linear-regression analysis according to the least-squares method. In oiuo experiments. The kinetics of 2H20 dilution in total body water, represented by plasma, was studied in three lamb neonates, three to five weeks old and weighing 5.4-8.0 kg. Care of the animals was in accordance with published NIH guidelines for the care and use of laboratory animals, and the protocol was approved by the Animal Investigation Committee of Wayne State University.
A catheter had previously been inserted into the pulmonary artery for physiological experiments unrelated to the present study. After a heparinized blood sample was obtained for baseline studies, an average of 55 mmol of 2H20 per kilogram of body weight (range: 51-58 mmollkg) was injected into the catheter, followed by 2 mL of sodium 
Discussion
Ease of collection of urine or saliva makes these bo fluids eminently suitable for field studies. For more preci investigations; howeyer, where the timing between admi istration of the marker and collection of body fluids may important, whole blood, plasma, or serum must be usc Although reporting success with using NMR spectroscoj to quantify 211 abundance in urine and saliva, Rebouche al. (1) indicated that this method was not suitable analyze blood or blood products and suggested that prote content might be responsible for excessive broadening the signal peak. Our experience confirms that the presen of proteins slightly broadens the base of the 21120 peak a reduces its height, but this does not affect the peak oft internal standard; moreover, deproteinization restores t integrity of the peak. obtained hourly for 8 h afterwards. To determine the validity of NMR methodology in studies of human neonates, we studied six apparently healthy full-term neonates, three boys and three girls, four black and two white. Part of a control group for an unrelated investigation, they were studied with the consent of their parents and of the Institutional Review Board of our institutions.
Their birth weights averaged 3341 (SD 319) g (range: 2807-3742 g) at a mean of 41 weeks of gestation (range: 40-42 weeks). The beginning of the study was at 7 (SD 3) h postpartum (3-11 h) . After a heparinized blood sample was obtained for determination of baseline 2H enrichment, 2H20, 57 mmol/kg (55-59 mmolikg), was injected intravenously, followed by 2 mL of sodium chloride solution to flush the line. A second heparinized blood sample was obtained 4 h after injection of the marker.
Blood samples were centrifuged at 12 535 X g in a microcentriflige and the supernates were stored at -15 #{176}C until analysis. Plasma 2H enrichment was determined as described above. We included a five-point standard curve of exogenous 2H enrichment in plasma (0,0.045,0.091,0.136, and 0.182 atom %) in each daily run of samples of unknown enrichment.
Standards and unknowns were processed exactly the same. Unknown exogenous 2H enrichments were calculated from the standard curve for that day.
We used the following equation to calculate the volume of total body water (in mL):
Total body water = 0 N where t is the time of blood sampling (4 h) in relation to ujection of the marker, and 0.985 corrects for the incorporation of 2H into nonexchangeable organic constituents (2, 3).
Results
In vitro studies. Figure 1 shows a representative 2H NMR spectrum for a deproteinized plasma sample enriched with 0.113 atom % of exogenous 211. Plasma samples containing proteins were characterized by a broadening of the base of the peak and a shorter peak height for 2H in water but an identical peak for the internal standard. Natural 2H enrichment of pooled plasma was 0.016 atom %.
The standard curve relating peak-area ratio (PAR) and exogenous 211 enrichment (APE) of deproteinized plasma was linear from 0 to 0.272 atom % (Figure 2) .
To determine the precision of the measurements, we prepared 10 aliquots of plasma enriched with 0.136 atom % of exogenous 2H and analyzed them on the same day. The coefficient of variation was 1.34%.
In vivo studies. Enrichment of exogenous 211 in plasma decreased in two of three lambs during the first 4 h after injection of 21120 (Figure 3) . From 4 to 8 h after injection, enrichments averaged (± SD) 0.106 ± 0.004,0.101 ± 0.002, and 0.136 ± 0.005 atom %, respectively, in the three nnimsls. The enrichment did not change significantly during that time and fluctuated within 2-4% of those means. Total body water in the six human neonates studied averaged 792 ± 53 mb/kg (range: 702-845 mb/kg). atom % percent enrichment is almost identical to those reported for saliva and urine (1).
In adults and older infants, the abundance of 2H in body fluids equilibrates within 2 h of its intravenous admimstration (2, 4) and within 3 h after oral intake (4); it then remains stable for several hours (4). The time needed to reach equilibrium may be somewhat longer in edematous subjects (2-3 h) than usual (1-2 h) (2). Our data from neonatal lambs suggest that plasma abundance of exogenous 2H stabilizes by 4 h after intravenous administration of the marker and remains stable for at least another 4 h.
In anexperImentally determinedfactor,the serumfructosamine concentrations obtaIned were comparable with thoseof a morespecifictestof the nonenzymatic glycatlon(HPLCof hydrolyzed proteins).We found that concentrationsof fructosaminein serumincreased with increasingageofsubjects. In diabetic patientsthe average concentration of fructosaminein serumexceeded that in nondiabeticsubjectsand correlated with the preprandialserum glucoseand withother measures of deterioratingglycemic control (e.g., Increased need for insulintherapy). Serum fructosamine normalized for albumincontentwas also increased in patients with chronic renal failure. Multiple mechanisms (including exposure of patients to hypertonicglucose duringdialysis)appear to be
